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Low Color Pnxressing. Heat and Light Stabilizer System for Polvpropvlene Fiber 

The instant invention pertains to stabilized polypropylene fiber, jQree or essentially free of 
any traditionally used phenolic antioxidant, and having enhanced light stability, enhanced 
long term heat stability and especially enhanced gas fade resistance. This fiber formu- 
lation is stabilized by an effective amount of a mixture of a selected hindered amine, a se- 
lected hydroxylamine and a selected phosphite. 

Polypropylene fiber is traditionally stabilized with a blend of selected phenolic antioxi- 
dant, selected pho^hite and selected hindered amine light stabilizer. This formulation 
generally provides adequate processing, heat and light stabilization performance, but does 
not provide adequate gas fade re^stance which is needed to maintain color properties 
during storage and end-use application. There is a long-felt need in the marketplace for a 
stabilizer system which can prevent this gas fading and color formation associated with 
the use of phenolic antioxidants. Gas fading is known in the industry as a discoloration re- 
sulting from the exposure of plastic articles to an atmosphere containing oxides of nitro- 
gen. 

The components of the instant stabilizer syst^ for polypropylene fibers are generically 
well-known as stabilizers for a host of organic and polymeric substrates. The components 
of the instant stabilizer system for polypropylene fiber are a specific combination of selec- 
ted 2,2,6,6-tetramethylpiperidine hindered amines, phosphites or phosphonites and N J^- 
dialkylhy droxylamines, in the absence or essential absence of a phenolic antioxidant This 
instant stabilizer formulation provides unexpectedly superior gas fade resistance, and heat 
and light stability performance prop^es to the polypropylene fibers which are notorious- 
ly difiicult to stabilize effectively. Hie instant phenolic free antioxidant stabilizer systm 
provides the best overall stabilization for polypropylene fiber. Discoloration of polypropy- 
lene fibers, when exposed to an atmosphere containing oxides of nitrogen, i.e. gas fading 
conditions, »KX>untered with stabilizer systems containing phenolic antioxidants, makes 
such systems unacceptable in this important property even though in other performance 
criteria the phenolic antioxidants perform adequately. 
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The hindeied amines are a very important class of light and thermal stabilizers based on 
compounds having a 2 A6r6-tetramethylpiperidine moiety somewhere in the molecule. 
These compounds have achieved great commercial success and are well-loiown in the art 

likewise* phosphcHiites or phosphites such as those described in US-A-4 360 617 have 
also achieved great conunercial success as stabilizers. 

N>N-Dialkylhydroxylamines also are known in the art as seen in US-A-4 590 231, 
US-A-4 782 105, US-A-4 876 300 and US-A-5 013 510. These compounds are useful as 
process stabilizers for polyolefins when used alone or in combination with phenolic anti- 
oxidants and/or oth^ coadditives, particularly as taught in US-A-4 876 300. Although 
US-A-4 876 300 teadies genetically that N Jf-dialkylhydroxylamines can be used in com- 
bination with phenolic antioxidants, hind^d amines, phosphites, UV absorbers and other 
additives, there is no specific disclosure ttiat polypropylene fibers can be benefidally sta- 
bilized by specific combinations of selected hindered amines, phosphites or phosphonites 
and N J^-dialkylhydroxylamines. Thus die instant invention is essentially a selection £rom 
within the broad generic scope of US-A-4 876 300. 

However, the instant composition is distingui^ed from the compositions of the prior art in 
several important aspects listed below: 

1. Sndered phenolic antioxidants plus phosphites combinations have generally poor gas 
fadereastance; 

2. Phosphites alone lack adequate process and Aennal stabilization efficacy; and 

3. Pho^hites plus hindered amines lack adequate process stabilization. 

The instant combination of stabilizers provide aU of tte required requiates of gas fade 
teastance and process and thermal stability. 

The object of this invention is to provide a stabilize system for polypropyl^ie fiber, in the 
absence of any traditionally used phenolic antioxidant or in the presence of only v^ low 
levels of phenolic antioxidant, which would allow the polypropylene fibers to have en- 
hanced light and long term heat stability and espedally enhanced gas fade resistance wtniid 
maintaining process stabilization comparable to any system using phenolic antioxidants. 

Another object of ttie instant invention is to provide a method to improve gas fade re- 
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sistance and to reduce color formation in polypropylene fibers by using the instant stabili- 
zer system fiee of phenolic antioxidant 

The instant invention pertains to stabilized polypropylene fiber, fiee or essentially free of 
any phenolic antioxidant, and having enhanced light stability, enhanced long term heat 
stability and enhanced gas fade resistance, which fiber is stabilized by a mixture of 



a) a hindered amine selected from the group consisting of 



the polycondensation product of 4,4'-hexamethylene-bis(amin(>-2,2,6,6-tetramethyl- 
piperidine) and 2,4-dicUoro-6-tert-<>ctylamino-s-tria2ine; 

the polycondensation product of H2-hydroxyethyl)-2,2,6,6-tetrameAyl-4-hydroxy- 
pipmdine and succinic add; 

NJ^jrj^"-tetrakis[4,6-bis(butyH2,2,6,6-tetramethylpipOT 
triazin-2-yr|-l,10-diamino-4,7-diazadecane; 

the polycondmsation product of 4,4*-hexamethylene-bis(amino-2,2,6,6-tetrametfayl* 

pip^idine) and 2,4-didiloro-6-morpholino-s-triazine; 

poly[metfayl 3-^,2,6,6-tetramelfaylpipmdin-4-yloxy)propyl]^oxane; 

bis(2,2,6,6-tetramethylpiperidin-4-yl) cyclohexylenedioxydimetfaylmalonate; 

13,5-tris{N<yclohexyl-N-[2-(2,2,6,6-tetramethylpiperaziii"3-on-4-yl^^ 

triazine; 

the polycondrasation product of 4,4'^examethylene-bis(amino-2,2,6,6-tetram^yl- 
p^)eridine) and 2,4-dichloro-6-cyclohex^amino-s-triazitte; and 
poly{N44,6-his(butyH2A6,6-tetramethyl-^peridin-4-yl)amino>^ 
l,4,7-tiiazanonane}-ahN"-[4,6-his(butyH2,2,6,6-tetrameth^piperidin-^ 
triazin-2-yl]amine; 

b) a pho^hite selected from the group consisting of 

tris(2,4-di-tert-butylphenyl) pho^hite; 

3,9Hti(2,4Kfi-tBrt-butylphenyl)-2,4,8,l()-tetraoxa-3,9Hhphospha[5*^ 
2,2*,2"-nitrilo-tris[ethyl (33'.5,5*-tetra-tert-butyH,r-biphenyl-2,2'-diyl) phosphite]; 
ethyl his(2,4-di-twi-butyl-6-metiiylphenyl) phosphite; and 
tetrakis(2,4-di-tert-butylphmylM>4'-bis(diphenylene)phosphonite; and 



c) a by droxy lamine selected from the group consisting of 
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NJN-dioctadecylhydroxylamine; 

N J4-dialkylhydroxylamine of the formula TiTjNOH where Tj and are the alkyl 
mixture found in hydrogenated tallow amine; and 

the N J4-^alkylhydroxylatnine product made by the direct oxidation of N J^-di(hydro- 
genaiEd taUow)amine by the process of US-A-5 013 510 or US-A-4 898 901; 

wherein the weight ratio of components (a):(b):(c) is from 1:1:1 to 100:2:1; preferably 
10:1:1 to 10:2:1; and most preferably 6:1:1 to 6:2:1. 

The effective amount of the mixture of stabilizers is from 0,05 to 5 %. pref^ably 0.1 to 
2 %, most preferably 0. 15 to 1 %» by weight based on die weight of the fiber. 

Stabilized polypropylene fiber which are of particular interest are those wbeie the compo- 
nent (a) is selected fiom the group consisting of 



the polycondensation product of 4,4*-hexamethylene-bis(amino-2A6,6-tetramethyl- 
piperidine) and 2,4-dichlon>-6-tert-octylamino-s-triame; 

the polycondensation product of l-(2-hydroxyethyl)-2^,6,6-tetramefliyl-4-hydn)xy- 
piperidine and succinic add; 

NJ^*»^^J^'"-tet^alds[4,6-bis(butyH2^,6,6-tetramethylpi 
tiiazin-2-yl]-l,10-diammo-4J-diazadecanc; 

the polycondensation produa of 4,4'-hexamethylene-bis(amino-2^,6^6-tetrameAyl- 

pq)eridine) and 2,4-dichloro-6-mQrpbolino-s-triazine; 

poly[metiiyl 3-PA6,6-tBtiamethylpiperidin-4-yloxy)propyl]siloxane; 

bisCA6,6-tetramethylpiperidin-4-yl) cyclohexylenedioxydimethylmalonate; and 

13^tiis{N-H:yclohM^-N42-<2A6,6-tetcamethylpip«:am 

triazine. 



Stabilized polypropylene fiber which are also of particular interest are those where die 
component (b) is selected from the group consisting of 

tris(2,4-di-tert-butylphenyl) phosphite; 

3,9-di(2»4-di-4ert-butylphenyl)-2A840-tetraoxa-3^-diphospha[5.5^ 
2»2*^''-mtrilo-tiisIethyl (33'J5^*-tetra-tert-butyH,r-biphOTyl-2;2'-diyl) phosphite]; 
and 
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ethyl bis(2,4-di-tert-butyl-6-methylphenyl) phosphite. 

Stabilized polypropylene fiber which are particularly preferred are those where the com- 
ponent (c) is the N J4-diaIkylhydroxylamine product made by the direct oxidation of N J^- 
di(hydrogenated tallow)amine by the process of US-A-5 013 510 or US-A-4 898 901. 

Additionally, the instant invention also pertains to a binaiy stabilizer system where the sta- 
bilized polypropylene fiber, fiiee or essentially free of any phenolic antioxidant, and 
having enhanced light stability, enhanced long term heat stability and enhanced gas fade 
re^tance, which fiber is stabilized by a mixture of 

I) a hindered amine selected from the group consisting of 

the polycondensation product of 4,4*-hexamethylene-his(amino-2,2,6,6-tetramethyl- 
piperidine) and 2,4-dichloro-6-tert-octylamino-&-triazme; 

the polycondensation product of l-(2-hydroxyethyl)-2,2,6,6-tetramethyl-4-hydroxy- 
pipmdine and succinic add; 

NJ*'J^"J^"-tetiakis[4,6-his(butyH2A6,6-tetramefliylpi^^ 
triazin-2-yl]-l,10-diamxno-4,7-diazadecane; 

the polycondrasadon product of 4,4'-hexamethylene-bis(amino-2,2,6,6-tetrametfayl- 

piperidine) and 2,4-dichloro-6-morpholino-s-tiiazine; 

poly[mettiyl 3-(2,2,6,6-tetramethyIp4>eridin-4-yloxy)propyl]sQoxatte; 

bis(2,2,6,64etramethylpiperidin-4-yl) cyclohexylenedioxydimethylmalonate; 

13.5-ttis{NK:yclohexyl-N-[2-(2A6,6-tetramettiylpipwaan-3-on-4-yl^ 

s4iiazine; and 

die polycondrasation product of 4,4'-hexamethylene-bis(amino-2,2,6,6-tetramethyl- 
piperidine) and 2,4-dichloro-6-cyclohexylamino-s-triazine; and 

n) a hydroxylamine selected fiom the group consisting of 

NJ4-dioctadecylhydroxylamine; 

N,N-dialkylhydroxylamine of die formula T}T2N0H where and T2 are die alkyl 
mixture found in hydrogenated tallow amine; and 

the N,N-dialkylhydroxylamine product made by the direct oxidation of N J^-di(hy- 
drogenated tallow)amine by die process of US-A-5 013 510 or US-A4 898 901; 
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wherein the weight ratio of components (I):(n) is from 100:1 to 1:2; preferably 10:1 to 
1:1; and most preferably 5:1 to 3:1. 

Binary stabilized polypropylene fiber which are of particular interest are those where the 
component © is selected from the group consisting of 

the polycondensation product of 4,4'-hexamethylene-bis(amino-2A6,6-tetramethyl- 
piperidine) and 2,4-dichloro-6-tert-octylamino-s-triazine; 
the polycondensation product of l-(2-hydroxyethyl)-2A6,6-tetramethyl-4-hydroxy- 
piperidine and succinic acid; and 

NJ^J»rj^*"-tetrakis[4,6-bis(butyH2A6,6-tetramethylpipe^ 
triazin-2-yl]-l,10-diamino-4,7-diazadecane. 

Binary stabilized polypropylene fiber which are of particular interest are those where the 
component (II) is the N^-dialkylhydroxylamine product made by die direct oxidation of 
N^-di(hydrogenaied taIlow)amine by the process of US-A-5 013 510 or US-A-4 898 90L 

The effective amount of the mixture of stabilizers is from 0.05 to 5 %, preferably 0.1 to 2 %» 
most preferably 0.15 to 1 %, by weigjit based on the weight of the fib^. 

The instant invention involves a selected mixture of stabilizers which are free or essentially 
free of any phenolic antioxidants. Some manufacturers of polypropylene add tiny amounts, 
usually <0.01 % by weight of phenolic antioxidant, to aid in tfie initial manufacture of the 
polypropylene resin. The amount of phenolic antioxidant remaining in the rean used to prepare 
polypropylene fib^ is fiar less than the 0.05% by weiglit of phenolic antioxidant used in the 
working examples of US-A-4 876 300. As the phrase free or essentially free of phoiolic anti- 
oxidant as used in the context of the instant invention means 0 to 0.0 1 % by weight of phenolic 
antioxidant may be present in die instant compositions. No phenolic antioxidant is deliberately 
added to the instant compositions in order to achieve the stabilization efficacies described. 

Another most important aspect of the instant invention is to a method for improving gas 
fade reastance and reducing color formation in stabilized polypropylene fiber by incorpo- 
rating therein an effective stabilimg amount of the mixture of stabilizers described above 
with ut the loss of any other stabilization properQr. 

Still anodier aspect of Ae instant invention is to a method for enhancing the resistance to 
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degradation of polypropylene fiber, due to exposure to UV radiation over that which can 
be achieved by the use of conventional stabilizers alone, by incorporating therein an effec- 
tive stabilizing amount of the mixture of stabilizers described above. 

Yet another aspect of the instant invention is to a method for enhancing the thermal stabi- 
lity of polypropylene fiber, over that which can be achieved by the use of conventional 
stabilizers alone, by incorporating th^in an effective stabili^g amount of the mixture of 
stabilizers described above. 

The cited hindered amines and phosphites are generally commercially available or can be 
made by published methods. 

The N Jf-dialkylhydroxylamines are prepared by methods disclosed in US-A-4 782 105; 
US-A-4 898 901 and particulariy US-A-5 013 510 by the direct oxidation of NJ^-di- 
(hydrogenated taIlow)amine by hydrogen peroxide. 

The polypropylene fiber may also contain otlier additives such as fillers and reinforcing 
agents such as calcium carbonate, silicates, glass fibers, asbestos, talc, kaolin, mica, 
barium sulfate, metal oxides and hydroxides, carbon black, graphite and other additives, 
for example, plastidzers, lubricants, emulrifiers, pigments, optical brighteners, flame- 
proofing agents and anti-static agents. 

Convrational stabilization systems, such as phenolic antioxidant with phosphite and 
hindered amine stabilizer, or pho^hite witti hindered amine stabilize:, can provide excel- 
lent stahifization to polypropylrae fib^ in selected performance areas, but it is only 
through the use of the instant t^nary combination of a selected hindered amine, selected 
hydroxylamine and selected pho^hite that all important performance properties for sta- 
bilized polypropylene fibers can be optimized. 

Polypropylene is used extensively for the manufacture of fiber for residential, comm^cial 
and automotive carpeting. White and light-colored fiber can sufier from discoloration due 
to gas &de discoloiation. Polypropylene resin as it is originally manufactured may contain 
very low levels of phenolic antioxidant for stability till said resin is later fabricated into 
fiber. In each case some additional stabilizer package must be added to the propylene resin 
before fabrication into fiber is possible. Hindered phenolic anti xidants are well-known as 
apotentialsonrceof sncfa discoloration by the formation of quinone type chrom phoresas 
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oxidation products or as the result of environmental exposure to the oxides of nitrogen 
(known as "gas fade" discoloration). 

It is therefore desirable to remove the phenolic antioxidant component from the polypro- 
pylene fiber. Unfortunately when this has been done in the past, ottier properties related to 
polymer stability are adversely effected. Phenolic antioxidants protect the polymer during 
high temperature melt processing, extrusion and spinning operations. I%enolic antioxi- 
dants fiirdier protect the polymer pellets and resultant fiber during storage and final end- 
use applications. 

Surprisingly, it was found that the phenolic antioxidant could be replaced in the instant 
stabilizer system ^ch is a ternary combination of a selected hindered amines a selected 
hydroxylamine and a selected phosphite or a binary combination of a selected hindered 
amine and a selected hydroxylamine. Said system provides stability in excess of that ob- 
tained with conventional stabilize systems having a phenolic antioxidant component 
without the discoloration associated with the phenolic antioxidant when the stalnlized 
polypropylene fiber is exposed to gas fading conditions, Le. in an atmo^here containing 
the oxides of nitrogen. 

The following examples are presented for the puipose of illustration ody and are not to be 
construed to limit the nature or scope of the instant invention in any marmer whatsoever. 

Test Compounds: 

AO A = 13t5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate; 

HALSl = thepolycondensationproduaof4,4'-hexamethylene-his(anuno-2A6,6- 
tetramethylpiperidine) and 2,4-dichlQro-6-tert-octylamino-s-tiiazine; 

HALS 2 = the polycondensation product of l-(2-hydroxyethyl)-2^,6,6-tetramethyl- 
4-hydroxypiperidine and succinic acid; 

HALS 3 = NJ^J^J^"-tetrakis[4,6-bis(butyl-(2,2,6,6-tetramefliylpiperito 
amino)-s-triazin-2-yl]- 1 , 10-diamino-4,7-diazadecane; 



HALS 4 = the polycondensation product of 4,4' -hexamethyIene-bis(aniino-2,2,6,6- 
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tetramethylpiperidine) and 2,4-dichloio-6-morpholino-s-triazine; 

HALS 5 = poly[methyl 3-(2^A6-tEtramethylpiperi<iin-4-yloxy)propyl]siloxane; 

HALS 6 = bis(2 A6,6-tetramethylpipericlin-4-yl) cyclohexylenedioxydimethyl- 
malonate; 

HALS 7 = 13^tris{NH:yclohexyI-N-[2-(2A6,6-tetramethylpiperaan-3^^ 
ethyljamino-s-tiiame; 

PhosI = tris{2,4-di-tert-buty^henyl) phosphite; 

Phosn = 3,9-di(2,4-<fi-tert-butylphmyl)-2,4,8J()-tetraoxa-3,9Hfi 
cane; 

Phosffl = 2;2*^"-nitrao[tiieAyl-trisK33'^,5'-tetra-teit-butyl-lJ*-^^ 
diyl) phosphite]; 

PhosIV = ethyl bis(2,4-di-tert-butyl-6-methylphenyl) pho^hite; and 

HA A = the NJ^-Kliall^lhydroxylamineproduamadeby tfaediiectoxid^ 

NJ^-di(hydiogenated taIlow)amine by tiie process of US-A-5 013 510 or 
US-A-4898 90L 

All additives are de^gnated in % by weight based on the polypn^ylene. All fonnulaHons 
also contain 0.05% by weight of calcium stearate. 

Example 1 : Process Stabilization of Polypropylene I5ber. 

Fiber grade polypropylene, containing 0.05 % by weight of calcium stearate, is dry blen- 
ded with the test additives and then melt compounded at 246X into pellets. The pelletized 
fully fonnulated re^ is then ^un at 274^ into fiber using a Hills laboratory model fiber 
extruder. The spun tow of 41 filaments is stretched at a ratio of 1: 3.2 to give a final denier 
of 615/41. 

The melt flow rates of die formulated pellets before ginning and of the spun fiber tow 
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after spinning are determined by ASTM 1238-86. The closer are the melt flow rates before 
and after spinning, the more effective is the process stabilization eflBcacy of the stabilizer 
system. The processing stability data are given in Tables 1, 2, 3 and 4 below. 



Table 1: 



Stabilizer 


Amount 


Melt Flow Rate 


Pellets 


Rber 


HALSl 
HAA 


030% 
0.09% 
0.01% 


15.4 


20.7 


HALSl 

PhosI 

HAA 


030% 
0.05% 
0.05% 


14.9 


19.6 


HALSl 

PhosI 

HAA 


0.05% 
0.09% 
0.01% 


13.6 


17.7 


HALS 1 

PhosI 

HAA 


0.05 % - 

0.05% 

0.05% 


13.6 


18.8 


AO A 
HALSl 
PhosI 
HAA 


0.05% 
0.05% 
0.05% 
0.05% 


14.3 


19.3 
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Table 2: 



Stabilizer 




Melt How Rate 


Amount 


Pellets 


Rber 


HALS2 
PhosI 

HA A 


0.30% 
0.09% 


13.7 


18.6 


HALS2 

PhosI 

HAA 


0.30% 
0.05% 
0.05% 


13.8 


183 


HALS2 

PhosI 

HAA 


0.05% 
0.09% 
0.01% 


13.4 


17.8 


HALS2 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


14.4 


18.7 


AO A 
HALS2 

niosi 

HAA 


0.05% 
0.05% 
0.05% 
0.05% 


12.9 


18.1 


Tables: 


Stabilizer 


Amount 


Melt Flow Rale 


Pellets 


Hber 


HALS3 

PhosI 

HAA 


0.30% 
0.09% 
0.01% 


133 


193 


HALS3 

PhosI 

HAA 


030% 
0.05% 
0.05% 


14.2 


17.5 


HALS3 
PhosI . 
HAA 


0.05% 
0.09% 
0.01% 


143 


18.6 


HALS3 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


13.7 


18.4 


AO A 
HALS3 
PhosI 
HAA 


0.05% 
0.05% 
0.05% 
0.05% 


12.8 


17.5 
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Table4: 



Stabilizer 


Amount 


Melt Row Rate 


Pellets 


Rber 


HALS2 
HAA 


0.05% 
0.05% 
0.05% 


12.7 


16.9 


AO A 
HALS2 
Phosn 
HAA 


0.05% 
0.05% 
0.05% 
0.05% 


12.9 


16.2 



Inspection of the data given above shows that the instant formulations containing selected 
hindered amines* phosphites and hydroxylamines provide excellent process stabilization to 
polypropylene fully comparable to stabilizer systems containing phraolic antioxidants. 

Example 2: Process Stabilization of Polypropylene Fiber 

Melt flow differences resulting from insufQdent processing stability can be even more evident 
when the polypropylene is spun under more severe processing conditions. In Example 1 the 
polypropylene is spun at 274*^. However, it is not unusual for polypropylene to be spun at 
much higher temperature at 302**C The melt flow values of polypropylene spun at such tempe- 
ratures are shown in the Tables 5, 6» 7 or 8 below. 
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Table 5: 



Stabilizer 


Amount 


Melt Plow Rate 


Hber Spun 
at274<'C 


FVb&L Spun 
at302°C 






14.6 


26.9 


PhosI 
AO A 


0.10% 
0.05% 


13.3 


15.5 


PhosI 
AO A 


0.05% 
0.05% 


12.7 


16.1 


HAA 


n in % 
0.05% 


13.5 


16.2 


HALS2 
PhosI 


0.05% 
0.10% 


15.7 


31.9 


HALS2 
PhosI 
AO A 


0.05% 
0.10% 
0.05% 


14.3 


16.3 


HALS2 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


13.7 


17.4 


HALS2 

PhosI 

HAA 


0.05% 
0.10% 
0.05% 


13.6 


16-1 
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Table 6: 







Melt Flow Rate 


stabilizer 


Amount 


Fioer opun 


Pihpr ^ntm 






at 274^P 


at302°C 


Phosn 


0.15% 


13.7 


20.1 


Phosn 


0.10% 


13.0 


16.5 


AOA 


0.05% 


HALS2 


0.05% 


15.2 


22.2 


X^IIOS U 


n in % 


HALS2 


0.05% 






Phosn 


0.10% 


12.2 


15.5 


AOA 


0.05% 






HALS2 


0.05% 




15.5 


PbDsn 


0.05% 


12.4 


HAA 


0.05% 






HALS2 


0.05% 


12.7 


15.6 


Pbosn 


0.10% 


HAA 


0.05% 
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Table7: 







Melt Flow Rate 


Ct A fill 1 7f>r 


/\IuUUIll 


Fihpr Snnn 


HberSpun 






ai274'>C 


at302»C 


PbosI 


0.15% 


14.6 


26.9 


PbosI 


0.10% 


13.3 


IKK 


AO A 


0.05% 


HALS3 


0.05% 


14.8 


31.4 




0.10% 


HALS3 


0.05% 






PhosI 


0.10% 


13.5 


15.1 


AO A 


0.05% 






HALS3 


0.05% 




16.9 




0.05% 


12.4 


HAA 


0.05% 






HALS3 


0.05% 


12.9 


16.7 


PhosI 


0.10% 


HAA 


0.05% 







wo 94/24344 



PCT/IB94/0M56 



- 16- 



Table 8: 







Melt Flow Rate 


Stabilizer 


Amount 


Rber Spun 


Fiber Spun 






at274«»C 


at302«>C 


Phosn 


0.15% 


U. / 


zv.l 


PhosII 


0.10% 


13.0 


16.5 


AO A 


o!o5% 


HALS3 


0.05% 


14.1 


22-8 


I%osn 


0.10% 


HALS3 


0.05% 






niosn 


0.05% 


13.1 


14.9 


HAA 


0.05% 






HALS3 


0.05% 




15.4 


Phosn 


0.10% 


12.5 


HAA 


0.05% 







The data in Tables 5, 6, 7 and 8 cleaiiy show that in a conventional stabilizer system a 
combination of phenolic antioxidant and phosphite provide good processing stability. Hie 
removal of die phenolic antioxidant in the presence or absence of a hindered amine results 
in a significant loss in process stabilization. However, die substitution of a hydroxylamine 
in place of the phenolic antioxidant yields process stabilization fully comparable to that 
provided by the phraolic antioxidant-phosphite system. 

As is seen in Example S, however* the presence of phenolic antioxidant in stabilizer 
systems has a d^rin^ntal effect on gas fade resistance. 

Example 3 : Light Stabilization of Polypropylene Rber. 

The fibers are also exposed to UV light and to long teim thermal aging under standard 
conditions. 

Socks Icnitted firom the stabilized polypropylene fibers are exposed in an Atlas Xenon* 
Arc-WeatherOmeter using the SAE J1885 Interior Automotive conditions at 89^C, 0.55 
kW/cm^ at 340 nm with no spray cycle. Failure in tiiis test is determined by the observa- 



wo 94/24344 



PCT/IB94/00056 



- 17- 

tion of the physical failure of the sock when it is "scratched" with a blunt glass rod. The 
longer it takes for this catastrophic failure to occur, the more effective is the stabilizer 
systOTi. The days to failure are given in Tables 9, 10, 11 and 12 below for each of the sta- 
bilization systems. 



Table 9: 



Stabilizer 


Amount 


Days to Failure in 
the WeatherOmeter 


HALSl 

PhosI 

HAA 


0.30% 
0.09% 
0.01% 


34 


HALSl 

PhosI 

HAA 


030% 
0.05% 
0.05% 


38 


HALSl 
AO A 
PhosI 
HAA 


030% 
0.05% 
0.05% 
0.05% 


38 


HALSl 
AO A 
PhosI 


030% 
0.05% 
0.10% 


28 


Table 10: 


Stabilizer 


Amount 


Days to Failure in 
the WeatherOmeter 


HALS2 

PhosI 

HAA 


030% 
0.09% 
0.01% 


23 


HALS2 

PhosI 

HAA 


030% 
0.05% 
0.05% 


30 
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Table 11: 



Stabilizer 


Amount 


Days to Failure in 
the WeathMOmeter 


HALS3 

PhosI 

HAA 


0.30% 
0.09% 
0.01% 


38 


HALS3 

PhosI 

HAA 


0.30% 
0.05% 
0.05% 


37 


Table 12: 


Stabilizer 


Amount 


Days to Failure in 
the WeatherOmetra^ 


HALS2 
HAA 


0.05% 
0.05% 
0.05% 


9 



Example 4: Long Tenn Heat Stability of Polypropylene Rber. 

In the long term heat ag^ig at 120^, other knitted socks of the stabilized polypropylene 
fiber are exposed in a forced draft oven equq)ped with a rotatmg caronseL Again, failure is 
determined as described above. The longer it takes for such catastrophic failure to occur, 
the more efiBcadous is the stabilizer system. The test data are given in Tables 13, 14 and 
15 below. 



Table 13: 



Stabilizer 


Amount 


Days to Failure 
atl20°C 


HALSl 

HiosI 

HAA 


0.30% 
0.09% 
0-01% 


65 


HALSl 

PhosI 

HAA 


0.30% 
0.05% 
0.05% 


61 . 
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Table 14: 



Stabilizer 


Amount 


Days to Failure 
atl20*<: 


HALS2 

PbosI 

HAA 


0.30% 
0.09% 
0.01% 


40 


HALS2 
HAA 


030% 
0.05% 
0.05% 


72 


Table 15: 


Stabilizer 


Amount 


Days to Failure 
atl20»C 


HALS3 

PhosI 

HAA 


030% 
0.09% 
0.01% 


68 


HALS3 

PhosI 

HAA 


030% 
0.05% 
0.05% 


75 



Examples 5-6 show that, in legaids to gas fiaderesistance» the instant stabilization mixtoie 
is far superior as measured by Delta E values where low numbers indicate less colon The 
num^cal differences shown are significant, and the samples can be easily differentiated 
visually. 

Examt)le 5: Gas Fade Resistance or Color Stability of PolypropylMie Fihet. 

Otbsr knitted socks of the stabilized polypropylene fiber are exposed to oxides of nitrogen 
in an Exposure Chamber using the AATCC Test Method 23-1988, "Colorfastoess to Burnt 
Gas Fumes" for 3 and 7 "cycles". Test q)ecimens are removed from the chamber and 
assessed for change in color (Delta E color scale) on an ^plied Color Systems Model 
CS-5 colorimeter (D65 iUuminant, 2^ observer). Low Delta E values indicate less color 
and better stabilization. The lest data are given in Tables 16, 17, 18, 19, 20, 21 and 22 
below. 
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Table 16: 



Stabilizer 




Delta E Color after Cycle 


Amount 


3 


7 


HALSl 

PhosI 

HAA 


0.30% 
0.09% 
0.01% 


2.4 


2.8 


HALSl 

PhosI 

HAA 


030 % 
0.05% 
0.05% 


2.3 


2.9 


HALSl 
AO A 
PhosI 
HAA 


0.30% 
0.05% 
0.09% 
0.01% 


5.7 


6.7 


HALSl 
AO A 
PhosI 
HAA 


030% 
0.05% 
0.05% 
0.05 % 


43 


6.1 


Table 17: . 


Stabilizer 


Amount 


Delta E Color after Cycle 


3 


7 


HALSl 

PhosI 

HAA 


0.05% 
0.09% 
0.01% 


1.9 


1.5 


HALSl 

I%osI 

HAA 


0.05% 
0.05% 
0.05% 


1.8 


1.9 


HALSl 
AO A 
Fhosl 
HAA 


0.05% 
0.05% 
0.09% 
0.01% 


3.8 


5.2 


HALSl 
AO A 
PhosI 
HAA 


0.05% 
0.05% 
0.05% 
0-05% 


3.2 


5.0 



wo 94/24344 



PCT/IB94/00056 



-21 - 



Table 18: 



Stabilizer 




Delta E Color aftsr Cycle 


Amount 


3 


7 


HALS2 

PhosI 

HAA 


030% 
0.09% 
0.01% 


1.6 


1.5 


HALS2 

niosl 

HAA 


030 % 
0.05% 
0.05% 


1.5 


1.9 


HALS2 
AO A 
HiosI 
HAA 


030% 
0.05% 
0.09% 
0.01% 


3.9 


53 


HALS2 
AO A 
PhosI 
HAA 


030% 
0.05% 
0.05% 
0.05% 


1.9 


3.7 


Table 19: 


Stabilizer 


Amount 


Delta E Color after Cycle 


3 


7 


HALS2 

PhosI 

HAA 


0.05% 
0.09% 
0.01% 


1.6 


1.5 


HALS2 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


1.0 


13 


HALS2 
AOA . 
PhosI 
HAA 


0.05% 
0.05% 
0.09% 
0.01% 


3.8 


4.9 


HALS2 
AOA 
PhosI 
HAA 


0.05% 
0.05% 
0.05% 
0.05% 


2.0 


3.9 
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Table 20: 



Stabilizer 




Delta E Color after Cycle 


Amount 


3 


7 


HALS3 

PbosI 

HAA 


030% 
0.09% 
0.01% 


2.4 


2.3 


HALS3 

PbosI 

HAA 


0.30% 
0.05% 
0.05% 


1.7 


1.9 


HALS3 
AO A 
PhosI 
HAA 


0.30% 
0.05% 
0.09% 
0.01% 


4.8 


6.7 


HALS3 
AO A 
PhosI 
HAA 


0.30% 
0.05% 
0.05% 
0.05% 


3.1 


5.3 


Table 21: 


Stabilizer 


Amount 


Delta E Color after Cycle 


3 


7 


HALS3 

PhosI 

HAA 


0.05% 
0.09% 
0.01% 


1.9 


1.6 


HALS3 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


1.2 


1.3 


HALS3 
AO A 
PhosI 
HAA 


0.05% 
0.05% 
0.09% 
0.01% 


4.0 


5.3 


HALS3 
AO A 
nu>sl 
HAA 


0.05% 
0.05% 
0.05% 
0.05% 


2.3 


4.6 



wo 94/24344 



PCT/IB94/00056 



-23- 



Table 22: 



Stabilizer 


Amoont 


Delta E Color after Cycle 


3 


7 


HALS2 

Phosn 

HAA 


0.05% 
0.05% 
0.05% 


1.5 


1.8 


HALS2 
AO A 
Phosn 
HAA 


0.05% 
0.05% 
0.05% 
0.05% 


1.9 


3.1 



Example 6 : Gas Fade Resistance or Color Stability of Polypropylene Rber 

Other knitted socks of die stabilized polypropylene fiber ace exposed to oxides of nitrogen 
in an Exposure Chamber using the AATCC Test MeAod 23-1988, "Coloifastness to Burnt 
Gas Fumes" for 3 "cycles'*. Test specimens are removed finom the chamb^ and assessed 
for change in color (Delta E color scale) on an ^plied Color Systems Model CS-5 
colorimet^ (E)65 illuminant* 2^ observe). The test data are given in Tables 23, 24 and 25 
below. Low Etelta E values indicate less color and better stabilization. 
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Table 23: 



Stabilizer 


Amount 


Delta E Color after Cycle 3 


HALSl 


0.15% 


6.9 


PhosI 


0.08% 


AO A 


0.04% 




HALSl 


0.15% 


2.4 


PhosI 


0.08% 


HAA 


0.04% 




HALS4 


0.30% 


2.7 


PhosI 


0.10% 


AO A 


0.05% 




HALS4 


0.30% 


1.2 


PhosI 


0.05% 


HAA 


0.05% 




HALS5 


0.30% 


3.2 


PhosI 


0.10 % 


AO A 


0.05 % 




HALS5 


0.30% 


1.0 


PhosI 


0.05% 


HAA 


0.05% 




HALS6 


0.30% 


2.1 


PhosI 


0.10% 


AO A 


A AC fit 

U.UD % 




HALS6 


0.30% 


1.0 


PhosI 


0.05% 


HAA 


0.05% 




HALS7 


0.30% 


2.2 


PhosI 


0.10% 


AO A 


0.05% 




HALS7 


030% 


1.0 


PhosI 


0.05% 


HAA 


0.05% 
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Table 24: 



Stabilizer 


Amount 


Delta E Color after Cycle 3 


HALSl 
Phosin 
AO A 


0.15% 
0.08% 
0.04% 


5.6 


HALS 1 
Hiosffl 
HAA 


0.15% 
0.08% 
0.04% 


3.8 


Table 25: 


Stabilizer 


Amount 


Delta E Color after Cycle 3 


HALSl 
PhosIV 
AO A 


0.15% 
0.08% 
0.04% 


4.8 


HALSl 
PhosIV 
HAA 


0.15% 
0.08% 
0.04% 


23 



Inspection of the data given above shows that the instant formulations containing other se- 
lected hindered amines, other phosphites and hydroxylamines provide excellent gas fade 
resistance and color stability to polypropylene far sup^or to the stabilizer systems contai- 
ning a phenolic antioxidant 

Examt)le7 : Gas Fade Resistance or Color Stability of Polypropylene Rber 

Following the procedure of Example 6, the gas fade resistance or color stability of poly- 
propylene fiber is measured when said fiber is protected by a binary system of stabilizers 
comprising a hindered amine and a hydroxylamine without the presence of any phosphite 
compared to fib^ with additionally contains a phenolic antioxidant The test data are 
given in Tables 26, 27 and 28 below. Low Delta E values indicate less color and better sta- 
bilizatioiL 
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Table 26: 



Stabilize 


Amount 


Delta E Color after Cycle 3 


HALSl 
PhosI 
AO A 


0.05% 
0.10% 
0.05% 


4.7 


HALSl 
HAA 


0.05% 
0.10% 


1.0 


HALSl 
HAA 


0.05% 
0.05% 


1.2 



Table 27: 



Stabilizer 


Amount 


Delta E Color after Cycle 3 


HALS2 
PhosI 
AO A 


0.05% 
0.10% 
0.05% 


4.1 


HALS2 
HAA 


0.05% 
0.10% 


0.9 


HALS2 
HAA 


0.05% 
0.05% 


0.9 


Table 28: 


Stabilizer 


Amount 


Delta E Color after Cycle 3 


HALS3 
PhosI 
AO A 


0.05% 
0.10% 
0.05% 


4.4 


HALS3 
HAA 


0.05% 
0.10% 


1.0 


HALS3 
HAA 


0.05% 
0.05% 


0.9 



Inspection of the data given above shows that the instant binary formulations containing 
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selected hindeied amines and hydroxylamines provide excellent gas fade resistance and 
color stability to polypropylene far superior to the stabilizer systems containing a phenolic 
antioxidant 

Example 8 : Process Stabilization of Polypropylene Rber 

Melt flow differences resulting from insufQcient processing stability are quite evident 
when the polypropylene is spun under severe processing conditions. This is particularly 
evident when polypropylene is spun at 302^C. The lower the melt flow rates are the more 
effective is the process stabilization efQcacy of the stabilizer system (see also example 1). 
The melt flow values of polypropylene spun at that temperature are shown in the Tables 
29, 30 and 31 below. 



Table 29: 



StabOizer 


Amount 


Melt Row Rate 
Fiber Spun at 302«X: 


HALSl 


0.05% 


65 


HALSl 
PtiosI 


0.05% 
0.10% 


34 


HALSl 

PhosI 

AOA 


0.05% 
0.10% 
0.05% 


16 


HALS 1 

PbosI 

HAA 


0.05% 
0.05% 
0.05% 


18 


HALSl 
HAA 


0.05% 
0.05% 


18 



• 
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Table 30: 



Stabilizer 


Amount 


Melt Flow Rate 
Fiber Spun at 302°C 


HALS2 


0.05% 


56 


HALS2 
PhosI 


0.05% 
0.10% 


24 


HALS2 
PhosI 
AO A 


0.05% 
0.10% 
0.05% 


15 


HALS2 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


19 


HALS2 
HAA 


0.05% 
0.05% 


18 


Table 31: 


Stabilizer 


Amount 


Melt Flow Rate 
Fiber Spun at 302^ 


HALS3 


0.05% 


28 


HALS3 
HiosI 


0.05% 
0.10% 


31 


HALS3 
PhosI 
AO A 


0.05% 
0.10% 
0.05% 


16 


HALS3 

PhosI 

HAA 


0.05% 
0.05% 
0.05% 


17 


HALS3 
HAA 


0.05% 
0.05% 


17 



The data in Tables 29, 30 and 3 1 cleaiiy diow that in a conventional stabilizer system a 
combination of phenolic antioxidant, hindered amine and phosphite provide good 
processing stability. The removal of the phenolic antioxidant results in a significant loss in 
process stabilization. However, the substitution of a hydroxylamine in place of the 
phenolic antioxidant yields process stabilization fully comparable to that provided by the 
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phenolic antioxidant-pbosphite system both in the presence or absence of the phosphite 
component Thus the binary stabilizer system of hindered amine plus hydroxylamine 
provides excellent thermal process stabilization to the polypropylene fiber. 
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WHAT IS CLAIMED IS: 



1. A stabilized polypropylene fiber, free or essentially fiee of any phenolic antioxidant, 
and having enhanced light stability, enhanced long term heat stability and enhanced gas 
fade resistance, which fiber is stabilized by a mixture of 



a) a hindered amine selected from the group consisting of 



the polycondensation product of 4,4'-hexamethylene-bis(aniino-2A6,6-tetramethyl- 
pipwidine) and 2,4-dichloro-6-tert-octylamino-s-tria2ine; 

the polycondensation product of l-(2-hydroxyethyl)-2,2,6,6-tetiamethyl-4-hydroxy- 
piperidine and succinic add; 

NJhrj^Jsr"-tetrakis[4,6-bis(butyH2A6.6-tetramethyl^^ 
triarin-2-yl]-l,l()-Kfianiino-4,7-diazadecane; 

the polycondensation produa of 4,4'-hexamethylene-bis(amino-2,2,6,6-tetramethyl- 

p^)eridine) and 2,4-dichloro-6-morpholino-s-tria2ine; 

poly[methyl 3-(2,2,6,6-tetramethylpiperidin-4-yloxy)piopyl]aloxane; 

bis(2A6,6-tetramethylpiperidin-4-yl)cyclohexylenedioxydimethylmalonate; 

13,5-tris(N-cyclohexyl-N42-(2,2,6,6-tetramethylpiperazin-3-on-^^ 

triage; 

the polycondensation produa of 4,4*-hexamethylene-bis(amino-2A6,6-tetramethyl- 
piperidine) and 2,4-dichloro-6-cyclohexylamino-s-tria2ine; and 
poly{N-[4,6-bis(butyH2A6,6-tetramethyl-piperidin-4-yl)amino)-^ 
l,4,7-triazanonane}-a>-N"-[4,6-bis(butyl-(2A6,6-tetiamethylpi^^ 
triaan-2-yl]amine; 

b) a phosphite selected fipom the group consisting of 

tris(2,4-di-tBrt-butylphenyl) phosphite; 

3,9^fi(2,4-di-tert-butylphenyl>2,4,8,10-tetraoxa-3,9-diphospha[5*5]undec^ 
2,2'^"-nitiilo-tris[ethyl (33'»5,5'-tetra-tert-butyH,l*-biphenyl-2,2'-diyl) phosphite]; 
ethyl bis(2,4-di-tert-butyl-6-methylphrayl) phosphite; and 
tetralds(2,4-di-tert-butylphenylH»4*-bis(diphenylene)phosphoni^ and 



c) a hydroxylamine selected from the group consisting of 
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N,N-dioctadecylhydroxylamine; 

N JS[-dialkylhydroxylamine of the formula T1T2NOH where and are the alkyl 
mixture found in bydrogenated tallow amine; and 

the N J^-dialkylhydroxylamine product made by the direct oxidation of N J^-di(hydro- 
genated tallow)amine by the process of US-A-5 013 510 or US-A-4 898 901; 

wherein the weight ratio of components (a):(b):{c) is from 1:1:1 to 100:2:1. 

2. A stabilized fiber according to claim 1 wherein component (a) is selected from the 
group consisting of 

the polycondensation product of 4,4*-hexamethylene-bis(amino-2^,6,6-tetramethyl- 
piperidine) and 2,4-dicUoro-6-tert-octylarnino-s-triazine; 

the polycondensation product of l-(2-hydroxyethyl)-2;2,6,6-tetramethyl-4-hydroxy- 
piperidine and succinic acid; 

N^jrjr""tetrakis[4,6-bis(butyH2^A6-tetramethylpiperidin-4^^ 
triazin-2-yl]-140-diamino-4J-diazadecane; 

the polycondensation product of 4,4*-hexamethylene-bis(amino-2^,6,6-tetramethyl- 

piperidine) and 2,4-didilonv6-morpholino-fr-triazine; 

poly[methyl 3-(2A6,6-tetramethylpiperidin-4-yloxy)propyllsiloxane; 

bis(2»2,6,6-tetrametiiylpiperidin-4-yl) cyclohexylenedioxydimetfaylmalonate; and 

13.5-tiis{N-^clohexyl-N-[2-(2;Z,6.6-tetramethylpiperazin-3-on-4-^^^ 

triazine. 

3. A stabilized fiber according to claim 1 wherein component (b) is selected from the 
group consisting of 

tris(2,4-di-tert-butylphenyl) phosphite; 

3,9Kfi(2,4-di-tert-butylphenyl)-2A840-tetraoxa-3^-diphospha[5.51^ 
2a'^"-nitrilo-tiis[ethyl (33*^^*-tetra-tert-butyH,r-biphenyl-2^'-diyl) phosphite]; 
and 

ethyl bis(2,4-di"tert-butyl-6-methylphenyl) phosphite. 



4, A stabilized fiber according to claim 1 wherein component (c) is the N^-dialkyl- 
hydroxylamine product made by the direct oxidation of N JM-diQiydrogenated tallow)- 
amine by the process of US-A-5 013 510 or US-A-4 898 90L 
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5. A stabilized fiber according to claim 1 wherein the weight ratio of components 
(a):(b):(c) is from 10:1:1 to 10:2:1. 

6. A stabilized fiber according to claim 1 wherein the amount of the mixture of stabilizers 
is from 0.05 to 5 % by weight based on the weight of the fiber. 

7. A method for enhancing gas fade resistance and reducing color formation in stabilized 
polypropylene fiber, without the loss of any other stabilization property, by incorporating 
therein a mixture of stabilizers according to claim 1. 

8. A method for enhancing Ae resistance to degradation of polypropylene fiber, due to 
exposure to UV radiation ov^ that which can be achieved by the use of conventional sta- 
bilizers alone, by incorporating therein a mixture of stabilizers according to claim 1. 

9. A method for enhancing the thermal stability of polypropylene fiber, over that which 
can be achieved by the use of conventional stabilizers alone, by incorporating therein a 
mixture of stabilizers according to claim 1. 

10. A stabilized polypropylene fiber, free or essentially free of any phenolic antioxidant, 
and having enhanced light stability, enhanced long term heat stability and ^ihanced gas 
fade resistance, which fiber is stabilized by a mixture of 

I) a hindered amine selected from the group consisting of 

the polycondensation product of 4,4'-hexamethylene-bis(amin{>-2,2,6,6-tetiamethyl- 
piperidine) and 2,4^ddoro-6-tert-octylamino-s-triazine; 

the polycondensation product of l-(2-hydroxyethyl)-2A6,6-tetramethyl-4-hydroxy- 
piperidine and succinic add; 

NJ^•J^"J^r"-tetrakis[4,6-bis(butyH2A6,6-tetramethylpiperi 
triazin-2-yl]-l,10-diamino-4,7-diazadecane; 

the polycondensation produa of 4,4*-hexamethylene-bis(amino-2,2,6,6-tetramethyl- 
piperidine) and 2,4-dichloro-6-morpholino-&-triame; 
poly[methyl3-(2A6.6-tetramethylpiperidin-4-yloxy)propyl]siloxane; 
bis(2,2,6,6-tetramethy^peiidin-4-yl) cyclohexylenedioxydimethylnudonate; 
l3»5-tris{N-cyclohexyl-N-[2-<2A6,6-tetramethylpiperazin-3-on-4-yl)ethyl]amm 
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s-triazine; and 

the polycondensation product of 4,4'-hexamethylene-bis(amino-2;2,6,6-tetramethyl- 
piperidine) and 2,4-dichloro-6-cycIohexylamino-s-triazine; and 

n) a hydroxylamine selected from the group consisting of 

NJ^-dioctadecylhydroxylamine; 

NJhf-dialkylhydroxylamine of the formula T1T2NOH where Tj and T2 are the alkyl 
mixture found in hydrogenated tallow amine; and 

the N J4-dialkylhydroxylamine product made by the direct oxidation of N J^-di(hy- 
drogenated tallow)amine by the process of US-A-5 013 510 or US-A-4 898 901; 

wherein the weight ratio of components (I):(II) is from 100:1 to 1:2. 

11. A stabilized fiber according to claim 10 wherein component (I) is selected from the 
group consisting of 

the polycondensation product of 4,4'-hexamethylene-bis(amino-2^,6,6-tetramethyl- 
piperidine) and 2»4-dichloro-6-tert-octylamino-s-triazine; 

the polycondensation product of l-(24iydroxyethyl)-2,2,6,6-tBtramethyl-4-hydroxy- 
piperidine and succinic add; and 

N^jrj»r"-tetrakis[4»6-bis(butyl-(2;Z,6,6-tetramethyIpiperidin-^ 
triazm-2-yl]-l»10-diamino-4,7-diazadecane. 

12. A stabilized fiber according to claim 10 wherein component (II) is the N J^-dialkyl- 
hydroxylamine product made by the direct oxidation of N J^-di(hydrogenated tallow)- 
amine by the process of US-A-5 013 510 or US-A-4 898 901. 

13. A stabilized fiber according to claim 10 wherein die weight ratio of components 
(I):(II)isfromlO:ltol:l. 

14. A stabilized fiber according to claim 10 wherein the amount of the mixture of stabi- 
lizers is from 0.05 to 5 % by weight based on the weight of the fiber. 

15. A method for rahancing gas fade resistance and reducing color formation in stabilized 
polypropylene fiber, without the loss of any other stabilization property, by incorporating 
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therein a mixture of stabilizers according to claim 10. 

16. A method for enhancing the resistance to degradation of polypropylene fiber, due to 
exposure to UV radiation over that which can be achieved by the use of conventional sta- 
bilizers alone, by incorporating therein a mixture of stabilizers according to claim 10. 
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